This paper presents a study on relationship of cooling rates towards the intermetallic compound (IMC) morphology. Cooling rate is an important parameter as it has significant effect towards the IMC microstructure formation that indirectly affects solders joint reliability. However, there is still insufficient study regarding the effect of cooling rate on the IMC thickness and microstructure behavior by using Nickel Boron as surface finish material in the electronic packaging industry. In this study, Sn-3Ag-0.5Cu solder was used on Nickel Boron as coating layer. Cooling rates were obtained by cooling specimens in different media which is water and air. The elemental composition was confirmed using Energy-dispersive X-ray spectroscopy and the microstructure of each IMC then analyzed using optical microscope, image analyzer and ImageJ. In this study, faster cooling rate (water) found to provide thicker IMC (6µm) compared to the other medium used. The morphology shape of each IMC also differs between different medium of cooling. IMC that undergoes faster cooling showed continues like layer while the one using air cooling formed scallop like IMC.
Introduction
In soldering for electronic interconnections, the formation of intermetallic compound (IMC) between the solder and substrate is essential for the joining actions. There is a significant amount of research has focused on the IMC formed between the liquid solders and Cu substrate during reflow [1] [2] [3] [4] and demonstrated that the thickness and morphology of the IMC are critical to the reliabilities. Cooling rate is one of an important parameter in the solder reflow process that affects the microstructure of solder alloy as well as the morphology and growth of IMC formed between the solder and its metallization. Hence, affect the mechanical integrity of the joint [4] [5] [6] . Investigation by Ochoa et al. [7] found that cooling rate significantly affected secondary dendrite-arm size and spacing of the Sn-rich phase. The morphology of IMC also changed from spherical, at a faster cooling rate, to a needle like morphology for slower cooling. The changes in the microstructure induced by the cooling rate significantly affected the mechanical behavior of the solder.
Currently, Nickel-based metallization favours the electronics packaging market since it can prevent excessive IMC formation during packaging, and in service [8] . EN (Electroless Nickel) deposits have been studied extensively since Brenner and Riddell [9] discovered the electroless deposition process. Generally, the Nickel-Boron deposits have got wider application in the coating sector than the nickel-phosphorus deposits, due to its superior hardness, outstanding wear resistance, high electrical conductivity and good solderability. However, in electronic industry, the used of Nickel Boron is still limited probably due to the less study in term of the Nickel Boron potential as a surface coating in the electronic packaging area. Thus, this study aim to study the effect of cooling rate by using water and air as cooling medium on microstructure evolution of Sn-3.0Ag-0.5Cu solder with Nickel Boron surface finish. In order to evaluate the interfacial reactions between the solder alloy and substrate during the solid-state reaction, isothermal aging treatment was performed.
Experimental Procedure
Copper polymer sandwich substrate (FR-4) was used as substrate materials for the deposition of electroless Nickel-Boron (Ni-B) coatings. The copper (Cu) substrates were cleaned by grinded lightly and washed thoroughly with water to remove dirt and oxide layer. To prepare the electroless Ni-B deposits, the Cu then subjected to surface pre-treatment before soak in an alkaline bath having nickel chloride as the source of nickel and sodium borohydride as the reducing agent also contained suitable quantities of ethylenediamine as a complexing agent along with lead nitrate and sodium hydroxide. The plating bath was maintained at 70˚C for 1 hour. Then, flux was applied and Sn-3.0Ag-0.5Cu (SAC305) solder balls with 500µm diameter were arranged on the substrates as shown in Fig 1 and reflow at 250˚C for 25 minutes and cooled in different medium which was water (fast cooling) and air (slow cooling). The samples then were aged at 150˚C for 0, 250 and 1000 hours in an aging oven. After the reflow and aging treatment, the samples were prepared for the observation of the interface cross-section. The microstructures and chemical compositions were observed with a ProgRes C3 IM7200 Optical Microscope, ImageJ and Field Emission Scanning Electron Microscopy-Energy-dispersive X-ray spectroscopy (FESEM-EDX). Types and thickness of IMCs will also be evaluated during this process. 
As reflow condition
The microstructure of the as-reflowed interface of SAC305 solder on the Ni-B/Cu bond pads under different cooling condition is shown in Fig 2. Theoretically,during reflow process, Sn based solder will reacts with electroless Ni-P and formed either Ni3Sn4 or (Cu,Ni)6Sn5 [10] [11] [12] [13] [14] . In our findings, by using SAC305 solders with Ni-B, (Cu,Ni)6Sn5 was formed for both cooling medium and was confirms by using composition analysis using EDX. This phenomena happened by following the same principle as Ni-Sn interaction and the Cu content in the (Cu,Ni)6Sn5 was origin from Cu in the SAC solder alloy since Ni work as barrier preventing the diffusion of Cu atom from the substrate into the interface. These findings were in good agreement with with the previous reports [15, 16] . However, there is also possibility that the Ni is the one alloying into the Cu6Sn5 as stated by Labie et. al [17] .
Observing the IMC thickness, ((Cu,Ni)6Sn5) that undergoes faster cooling (water) with 110.5˚C/min cooling rate have thicker IMC (6 µm) compared to air cooling (15.7˚C/min) with only . 1.89µm. It is because when undergoes fast cooling, the grain structure was retarded due to the experiencing temperature shock and do not have enough time to fully develop that leads to thin IMC layer. Even the IMC thickness for both cooling medium shows obvious difference, both of them consist of the same grains with polygonal shape. The reason why these IMC in diamond shape related with anisotropy of the interface energy of the (Cu,Ni)6Sn5 phase [16] . Besides,in our observation, IMC that undergoes slow cooling also found to surrounded by (Ni,Cu)3Sn4. There is been claimed that the formation of (Ni,Cu)3Sn4 was related to the Cu concentration in the solder where (Ni,Cu)3Sn4 would form when the Cu content is less than 0.6 wt.% [18] . So, we can possibly said that when subjected to slow cooling, the diffusion process occur was more active.
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Isothermal aging
Microstructures of the solder interface after aging at each temperature for different times were carefully investigated. Fig 3 and 4 shows the representative micrographs of the solder interfaces after aging at 150 °C for 250 and 1000 h respectively. By looking at the IMC structure, as aging time increase, the IMC layer structure also changes. IMC of air cooled sample becomes scallop dominant while the water cooled changed to more continues and coarse structure. These changes likely happened due to ripening process and curvature effect mentioned by previous study [19] [20] [21] .
EDX analysis here again confirmed that only one IMC layer of Ni-Sn, i.e., (Cu,Ni)6Sn5, was formed at the solder interface for 250h. However, as the aging time increases up to 1000h, there was another IMC layer formed on air cooled sample which known as (Cu,Ni)3Sn4. The (Cu,Ni)3Sn4 formed as a result of the slow diffusion rate between Ni layer and Sn matrix since that during this time, the diffusion reaction is in solid to solid state and thus Sn atom will deplete. 
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Advanced Research in Materials and Engineering Applications Fig 6 shows the comparison of total thickness IMC between air and water cooling that shown the thickness of the IMC layer is increasing with increasing aging time. The water cooling showed the linearity between aging IMC thickness and aging time and the results in good agreement with Ha et al. [22] . However, there was slightly dropped of the IMC thickness for air cooling medium when aged for 250h before increase dramatically at 1000h. The reason for this situation can be explain by the kinetic and thermodynamic theories that related with the existence of (Cu,Ni)3Sn4 [23] . Figure 6 . Comparison of IMC layers between water and air cooling at function of aging time.
Conclusions
In this study, effect of cooling rate and isothermal aging towards microstructure evolution of SAC305/ Ni-B plating were investigated. The results of this study can be concluded as below, (1) Cooling rate found in its influences to the morphology and growth of intermetallic compounds (IMC) formed between solder and its metallization. Slow cooling rate (15.7˚C/min) produced higher IMC thickness for both as reflow and aging compared to fast cooling rate (110.5˚C/min). (2) For air cooled sample, (Cu,Ni)6Sn5 with polygonal shape was formed at reflow condition and followed by (Ni,Cu)3Sn4 when reached 1000 hours aging while (Cu,Ni)6Sn5 was the only IMC formed on water cooled sample.
The isothermal aging did not just affect the IMC thickness, but also the IMC layer structure where the IMC for water sample change to more continues and coarse while air cooled was change to scallop like dominant. 
